Perforation of articular disc of temporomandibular joint is a unusual condition and diagnosed through magnetic resonance imaging (MRI), arthrography or arthroscopic surgery. We attempted to investigate the suspicious findings of articular disc perforation through examination commonly used in temporomandibular disorder (TMD) patients. We retrospectively analyzed the clinical and imaging findings of five TMD patients whose articular discs were perforated based on MRI. The most meaningful finding was the abnormal width of the joint space in cone-beam computed tomography. Thus, the clinician should perform a thorough assessment of the joint space in TMD patients and conduct additional investigation to determine what caused the abnormal joint space.
INTRODUCTION
Articular disc perforationof temporomandibular joint (TMJ) is a unusual form of the intra-articular disorder, which usually occurs with existing disc disorder (i.e. disc displacement) or late stage of osteoarthritis [1] . It is reported to be seen in 8.2% of disc displacement patients [2] , and the incidence rate increases with age [3] . Disc perforation causes direct contact of articular surfaces between the condyle and fossa. It alters the synovial fluid secretion, increases intra-articular friction, and provokes the degeneration of intra-articular structure [3] . Therefore, disc perforation presumably acts as an adverse prognostic factor for previously existing temporomandibular disorders (TMDs).
Since there is no specific signs and symptoms of disc perforation, clinical diagnosis of disc perforation of TMJ is challenging [1, 4, 5] . However, thorough clinical examination and magnetic resonance imaging (MRI) may result in the diagnosis of disc perforation. Here, we report five cases of disc perforation and review the clinical and imaging findings with review of literatures.
CASE REPORT 1. Case 1
An 83-year-old female visited with pain on her left jaw during mastication lasting about six months.
Clinical examination showed the active mouth opening of 33 mm with pain, crepitus, and tenderness to palpation on the left TMJ. The occlusal contacts were stable on both sides. Cone-beam computed tomography (CBCT) showed generalized sclerosis, osteophyte formation and narrowed anterosuperior joint space on the left TMJ ( Fig. 1A) . Disc deformity was suspected by severely narrowed joint space and MRI was taken to evaluate the integrity of the intraarticular structure.
The T2-weighted MRI revealed the loss of continuity of the posterior attachment, effusion, and medially displaced disc of the left joint at maximum mouth opening position. The disc was torn completely into two segments ( Fig.   1B ). No gross abnormality was shown in the right TMJ.
Physiotherapy, pharmacotherapy, stabilization splint therapy, and arthrocentesis were performed. The pain was significantly relieved when compared to the initial visit for a 7-month follow-up period.
Case 2
A 57-year-old female presented with pain on her right preauricular area during jaw function and thesensation of being unable to bite as usual on the right molar teeth.
Clinical examination showed the active mouth opening of 44 mm with pain, crepitus, and tenderness to palpation on the right TMJ. The occlusal contacts were stable except for her right second molar. CBCT presented sclerosis, subchondral bone cyst, osteophyte formation, and uniformly narrowed joint space on the right TMJ ( Fig. 2A ).
In the T2-weighted MRI, the continuity between the disc and the posterior attachment was lost on the right side at the maximum mouth opening position ( Fig. 2B ).
Physiotherapy, pharmacotherapy, and stabilization splint therapy were offered and effective in reducing her symptom for a 6-month follow-up period. As the pain relieved, her occlusal contact was stabilized.
Case 3
A 62-year-old female complained pain on her right jaw during mouth opening and mastication. On the clinical examination, the active mouth opening was 45 mm with pain and crepitus on the right side. Non-specific finding was identified on her occlusal contacts. CBCT showed erosion and loose body on the right TMJ ( Fig. 3A ). And the vertical dimension of condyle and eminence was reduced, which resultedinwidened joint space in the right TMJ. MRI was taken to differentiate primary synovial chondromatosis from A B CBCT showed widening of joint space between the left condylar head and glenoid fossa with the slight degenerative changes (Fig. 4A ).
In T2-weighted MRI, on the left TMJ, the torn disc was found on the lateral aspect of the condylar head, contrary to the medial aspect, where the integrity of the disc was conserved (Fig. 4B ). The posterior segment from the perforated disc disrupted the condyle from going back to its normal position. Physiotherapy, pharmacotherapy, and manipulation were offered for about 6-month follow-up period.
His jaw pain was significantly reduced compared to the initial visit. But the posterior open bite of the affected side has persisted refractory to those treatments. 
DISCUSSION
We retrospectively reviewed five TMD patients (4 females and 1 male) whose articular discs were confirmed perforated in MRI. Clinical features of five patients are summarized in Table 1 . Three of them presented with jaw pain primarily during mastication and mouth opening, and the others were presented with being unable to bite on posterior teeth as usual. According to the previous studies [3, 6] , the most common symptom in patients with articular disc perforation was joint pain and followed by the joint sound (crepitation and/or clicking) and limitation of mouth opening.
These symptoms are not significantly different from those of other more prevalent TMDs. Thus, in general, there is no specific sign or symptom toward disc perforation. There are several articles [5, 7] , including our fifth case of this paper, reporting occlusal changes caused by articular disc perforation, although this is not generally expected clinical manifestation from articular disc perforation. It is also considered a subtype of posterior disc displacement, which refers to the posterior segment of the perforated disc displace posteriorly [4] .
In CBCT, a perforated disc is indirectly revealed by the finding the uniformly narrowed radiographic joint space, which results from loss of intercalating between fossa and condylar head [8] . Narrowed joint space was reported as one of the significant risk factors in predicting the possibility of disc perforation by Kim et al. [9] . The narrower the joint space becomes, the more likely the joint has the per- MRI evaluation is needed to identify the cause of the expanded joint space as well as to rule out the presence of space-occupying mass.
We mentioned that abnormal radiographic joint space could indirectly indicate the disc perforation. However, the exact normal range of joint space does not reported. One study [10] classified the width of joint space as a 'normal' range between 1.5 mm to 4 mm, 'narrowed' if less than 1. Clinicians dealing with this issue should discuss additional treatment options with patients and orthodontists or prosthodontists.
In conclusion, disc perforation is a rare condition and difficult to diagnose in commonly used protocols, rather it is usually found by chance. We aimed to discover features that may be suspected of disc perforation and one such
